Introduction {#s1}
============

Coronavirus disease 2019 (COVID-19) epidemic though initiated in Wuhan City of China in December 2019, has now changed in to global pandemic affecting 213 countries. Number of reported cases and death worldwide amounts to 3,349,786 cases and 238,628 (as on May 3, 2020), thus a case fatality rate (CFR) as high as 7.1% \[[@R01]\]. European and American regions are worst hit. Though 80% of all severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection cases are asymptomatic or having milder symptoms, severity has been observed to be increased with age and presence of comorbidity. In China, CFR is 8.0% and 14.8% in people aged 70 - 79 years and ≥ 80 years, respectively as compared to overall CFR of 2.3% \[[@R02]\]. A meta-analysis involving 19 studies (18 from China and one from Australia) reported, fever (88.7%, 95% confidence interval (CI): 84.5-92.9%), cough (57.6%, 95% CI: 40.8-74.4%) and dyspnea (45.6%, 95% CI: 10.9-80.4%) as the most prevalent clinical manifestations. Whereas, severe outcomes such as acute respiratory distress syndrome (ARDS) (32.8%, 95% CI: 13.7 - 51.8), cardiac injury (13.0%, 95% CI: 4.1-21.9%), acute renal injury (7.9%, 95% CI: 1.8-14.0%), shock (6.2%, 95% CI: 3.1-9.3%) were reported. Comorbidities were reported in 36.8% of cases (95% CI: 24.7-48.9%), frequent being hypertension (18.6%, 95% CI: 8.1-29.0%), cardiovascular disease (14.4%, 95% CI: 5.7-23.1%), and diabetes (11.9%, 95% CI: 9.1-14.6%) \[[@R03]\].

In absence of any specific antiviral drug, treatment till date is symptomatic and supportive. In severe cases, intravenous (IV) fluid, oxygen inhalation, ventilator supports are the available options at present \[[@R04], [@R05]\]. Owing to very high transmission rate and higher CFR among elderly and patients with underlying comorbidity, it is imperative to explore possible options from the existing drugs which can reduce severity to some extent and thus mortality can be minimized. Currently, investigations are ongoing globally to understand whether molecules approved earlier for treatment of other viral diseases can be used effectively in the management of COVID-19, either as therapy or prophylaxis \[[@R06]\]. Many countries have initiated practice of available drugs with limited evidence as empirical treatment. In India, hydroxychloroquine (HCQ) (dose: 400 mg *bis in die* (BID) for 1 day followed by 200 mg BID for 4 days) combined with azithromycin (AZ) (500 mg *quaque die* (QD) for 5 days) has been considered as an off-label indication in patients with severe disease and requiring intensive care management \[[@R07]\].

Hence, in this review we explored the existing literatures on available therapies of COVID -19 to collate evidence on possibility of repurposing the existing drugs for management of COVID-19 cases with some effectiveness.

Literature Search {#s2}
=================

We searched for published literature in PubMed, Google Scholar and EMBASE with the following search keys: coronavirus/COVID-19/SARS CoV-2 with treatment/therapy/antiviral/hydroxychloroquine/chloroquine/lopinavir-ritonavir/Arbidol/azithromycin/remdesilvir/oseltamivir/steroid/medication/clinical trial/interferon.

We included the studies in analysis which met the following criteria: 1) *In vivo* studies, i.e., on confirmed COVID-19 human cases; 2) Original articles (clinical trial, case series, and case reports, etc.); 3) Where a specific existing therapeutic agent (drug) along with some outcome (clinical or virological) is mentioned.

We excluded the papers which: 1) Were based on *in vitro* studies, i.e., preclinical or animal model based; 2) Were review articles/commentary; 3) Did not mention any specific existing drug; 4) Mentioned use of a drug without any patient outcome information.

We obtained 612 papers from combined search of three databases as on May 31, 2020. Following elimination of duplicates (396) we derived at 216 articles. After removing the articles as per exclusion criteria, we retained 22 articles for the review ([Fig. 1](#F1){ref-type="fig"}).

![PRISMA diagram showing literature search and stepwise derivation to eligible papers. PRISMA: preferred reporting items for systematic reviews and meta-analyses.](jocmr-12-463-g001){#F1}

Literature Retrieved {#s3}
====================

The distribution of 22 studies under assessment, both drug wise and study design wise was shown in [Table 1](#T1){ref-type="table"}. We observed that HCQ (eight studies) and lopinavir/ritonavir (four studies) were discussed maximum. In three of the eight papers for the former, macrolides such as AZ/clarithromycin was added with HCQ. Methylprednisolone was discussed in three papers, though in two of them it was given along with immunoglobulin and in one study, it was administered along with thalidomide. Remdesivir and interferon (IFN) were discussed in three papers each. All the studies were on virologically confirmed (reverse transcription polymerase chain reaction (RT-PCR) of nasopharyngeal/throat swab) COVID-19 cases. Among the 22 studies, 14 were from China, two each from France and USA, one each from Hong Kong and Columbia, remaining two studies were based on multinational cohort analysis. Eleven of them were based on single centre/hospital, and the rest 11 studies were multicentric.

###### Distribution of 22 Studies Under Assessment, Both Drug Wise and Study Design Wise

  Drugs/therapy                                         Study design   Total           
  ----------------------------------------------------- -------------- ------- --- --- ----
  HCQ/CQ with macrolide (azithromycin/clarithromycin)   1                      1   1   3
  HCQ                                                   2              1           2   5
  Lopinavir/ritonavir                                   1                      1   2   4
  Umifenovir/favipiravir                                1                              1
  Methylprednisolone (with other agent)                                1       1       2
  Thalidomide with methylprednisolone                                          1       1
  Remdesivir                                            2                          1   3
  Interferon (in combination)                           1              1           1   3
  Total                                                 8              3       4   7   22

HCQ: hydroxychloroquine; CQ: chloroquine.

Description of each therapeutic agent {#s3a}
-------------------------------------

We have summarized the major variables of each article in [Supplementary Material 1](#S1){ref-type="supplementary-material"} ([www.jocmr.org](http://www.jocmr.org)). We discussed the studies as per each drug/agent along with their related therapeutic properties.

HCQ/AZ {#s3b}
------

The open-label non-randomized clinical trial conducted \[[@R08]\] in two hospitals of France revealed that HCQ treatment was significantly effective in COVID-19 patients and its effect was reinforced by AZ. Oral HCQ sulfate 200 mg, three times daily for 10 days along with AZ at 500 mg on first day followed by 250 mg per day for next 4 days was given to the PCR-confirmed COVID-19 cases aged \> 12 years in the intervention arm. At the sixth day post-inclusion, all patients treated with HCQ and AZ combination were virologically cured as compared to 57.1% in patients treated with HCQ only, and 12.5% in the control group (P \< 0.001). Though this was a clinical trial providing the evidence of effectiveness, it had two major limitations: 1) Non-randomization; and 2) Inadequate sample size (total 36, intervention arm: 20, and control arm: 16). Hence, further validation with robustness may be necessary. Another randomized control trial \[[@R9]\] of HCQ alone from China on 62 patients (31 in each arm) reported significantly shortening of body temperature recovery time and cough remission time in HCQ treatment group. Improvement rate of pneumonia in HCQ arm (80.6%, 25 of 31) was much higher than control arm (54.8%, 17 of 31). However, this publication was not peer reviewed. A case series of 100 patients from 10 hospitals of China showed that the treatment with chloroquine (CQ) phosphate was effective in averting exacerbations of pneumonia, minimizing lung involvements in radioimaging, accelerating a virus-negative conversion, thereby shortening the disease course and severity, without any adverse effect at therapeutic dose \[[@R10]\].

Further studies \[[@R11]-[@R14]\], including a multicenter, open-label, randomized controlled trial \[[@R12]\] on HCQ with or without macrolide from different nations did not elicit any significant benefit over standard care in terms of intubation, mortality, survival, and negative virological outcome. Proportion of comorbid conditions such as hypertension, diabetes, and chronic lung diseases, etc., were more or less similar across HCQ and non-HCQ groups in two of these studies \[[@R12], [@R13]\]; however HCQ was administered to the patients with higher frequency of comorbidities in remaining two studies \[[@R11], [@R14]\]. In all of them, higher proportion of patients in HCQ groups reported adverse effects like arrhythmia, cardiac arrest, other electrocardiogram (ECG) changes and diarrhea. A case report from Columbia showed clinical and virological improvement with the use of CQ + clarithromycin combination though the case is a 34 years old patient with no major comorbidity \[[@R15]\]. It is pertinent to mention the studies showing beneficial effect with HCQ included patients with relatively lower mean age (44 - 46 years) compared to those showing no therapeutic benefit (mean age: 60 years and above). Hence age of the patient confounding the study outcome might be a possibility.

CQ and its derivative HCQ are aminoquinolinic compounds used for the treatment of malaria and autoimmune diseases like rheumatoid arthritis and systemic lupus erythematosus (SLE) \[[@R16]\]. Data on anti-viral potential of CQ were generated from experiments on human immunodeficiency virus (HIV), hepatitis A, and influenza viruses \[[@R17]\].

In February 2020, the evidence of *in vitro* efficacy of CQ on SARS-CoV-2 was reported with an effective concentration (EC) 90 value of 6.90 µM, achievable with clinically used dosing \[[@R18]\]. These observations were subsequently corroborated by other authors based on their *in vitro* studies on anti-viral activity of CQ and HCQ. HCQ showed more potent than CQ with lower EC 50 values, possibly due to slow and progressive accumulation of HCQ at higher concentrations into the cells \[[@R19]\].

Lopinavir/ritonavir {#s3c}
-------------------

In the randomized, controlled, open-label trial \[[@R20]\], lopinavir/ritonavir (400 mg and 100 mg) was administered twice a day for 14 days on 94 severe adult patients of confirmed COVID-19 (100 cases in control arm received standard care only) in a single centre of Wuhan, China. The study did not elicit any significant benefit with lopinavir/ritonavir treatment beyond standard care (hazard ratio for median time to clinical improvement: 1.39; 95% CI: 1.00 - 1.91). A case report from Korea with a recent travel history from Wuhan showed reduction in viral load following administration of two tablets (lopinavir 200 mg/ritonavir 50 mg) twice daily \[[@R21]\]. In a retrospective observational study, following use of lopinavir, viral load, radiography and eosinophil count improved continuously among 10 patients, although the patients were also given IFN-α2b atomization inhalation, Arbidol, methylprednisolone and immunoglobulin \[[@R22]\]. Hence, evidence generated from the last two studies was very weak due to lack of control arm, presence of confounders and small sample size. Another single centre retrospective observational study on 78 patients from China treated with lopinavir/ritonavir reported a beneficial effect in terms of significant shortening of duration of viral shredding among patients initiating treatment within 10 days of onset of symptom compared with those without lopinavir/ritonavir treatment (median: 19 days vs. 28.5 days, log-rank P \< 0.001) \[[@R23]\].

Lopinavir and ritonavir are primarily protease inhibitors, used in combination as antiretroviral treatment against HIV. When combined with lopinavir the main drug, ritonavir produces a pharmacological boosting by inhibiting cytochrome P450-3A4 enzyme responsible for metabolism of lopinavir, thereby prolonging its bioavailability and plasma half life \[[@R24]\]. Lopinavir was identified as having inhibitory action against human SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV) by *in vitro* studies \[[@R25]-[@R27]\].

Methylprednisolone in combination {#s3d}
---------------------------------

Methylprednisolone, a steroid was discussed in combination with other therapeutic agents in two case reports and one case series \[[@R28]-[@R30]\]. In the case series of 10 patients, short-term moderate-dose corticosteroid (160 mg/day) plus immunoglobulin (20 g/day) was found to reverse the disease progression in 90% patients in whom condition worsened earlier with low-dose steroid therapy. APACHE II score (9.10 ± 6.15 vs. 5.50 ± 9.01, P \< 0.05), temperature (37.59 ± 1.16 vs. 36.46 ± 0.25, P \< 0.05), lymphocyte count (0.59 ± 0.18 vs. 1.36 ± 0.51, P \< 0.05), serum lactate dehydrogenase (419.24 ± 251.31 vs. 257.40 ± 177.88, P \< 0.05), and C-reactive protein (49.94 ± 26.21 vs. 14.58 ± 15.25, P \< 0.05) significantly improved in moderate-dose as compared with low-dose therapy \[[@R28]\]. Methylprednisolone was mentioned to be administered in two case reports; in one with combination of Arbidol, oseltamivir and moxifloxacin \[[@R29]\], and in another, with thalidomide \[[@R30]\]. Though clinical improvement was noted in both the case reports, but the number of cases were very low (2 and 1). Moreover, as used in combination, it was difficult to ensure the major contributory agent. Thalidomide was given with methylprednisolone in a patient of COVID-19 confirmed pneumonia and subsequently increased oxygenation index was reported along with other clinical improvement. Though methylprednisolone and thalidomide do not have any proven virucidal role, still they are used to reduce complications owing to their anti-inflammatory and immunomodulatory effect and thereby aiding into clinical improvement. In absence of any specific targeted therapy, their role may also be perceived as important in terms of overall clinical improvement.

Umifenovir (Arbidol) vs. favipiravir {#s3e}
------------------------------------

A prospective, randomized, controlled, open-label multicenter trial compared the efficacy of umifenovir (Arbidol) vs. favipiravir among 240 (120 each drug) adult cases of confirmed COVID-19. Each patient received either umifenovir (Arbidol) as 200 mg thrice daily or favipiravir 1,600 mg twice daily on the first day followed by 600 mg twice daily for 10 days. At day 7 of follow-up, clinical recovery rate did not differ significantly between favipiravir group (61.2%) and Arbidol group (51.6%). Favipiravir was associated with shorter latencies for recovery from fever (difference: 1.70 days, P \< 0.0001) and cough (difference: 1.75 days, P \< 0.0001). Rise in the level of serum uric acid was also reported in the favipiravir group. Otherwise both the drugs were found to be similarly effective so far and a clinical decision making can be done optimizing the patient's disease status and comorbidity while selecting any one among the two \[[@R31]\]. Both the molecules act as inhibitor of RNA-dependent RNA polymerase (RdRP) and approved for treatment of influenza in Russia, China (umifenovir) and Japan (favipiravir) \[[@R32]-[@R36]\].

Remdesivir {#s3f}
----------

The multinational (USA, Canada, Europe and Japan) cohort analysis on compassionate use of 10-day course of remdesivir \[[@R37]\] on 53 SARS-CoV-2 confirmed patients on oxygen support or with O~2~ saturation ≤ 94% in ambient air revealed 84% clinical improvement at 28 days follow-up (95% CI: 77- 99%). Clinical improvement was defined by either a decrease of two points or more on the six-point ordinal scale or live discharge. Over a median follow-up of 18 days after the first dose 68% (36) reported improvement in category of oxygen support while condition deteriorated in 15% (8) cases. Improvement was evident in all patients (12) breathing ambient air or receiving low-flow supplemental oxygen and in 71% (5/7) of those receiving noninvasive oxygen support. During follow-up 60% patients reported adverse events such as raised liver enzymes, diarrhea, rash, renal compromise and hypotension. Serious adverse events like multi-organ dysfunction, shock, acute kidney injury were found among 23% cases.

One multicentric randomized, double-blind, placebo-controlled trial from China on 237 confirmed COVID-19 adult patients did not elicit significant difference in time to clinical improvement (hazard ratio: 1.23, 95% CI: 0.87 - 1.75) following use of remdesivir for 10 days as compared to control group. Sixty-six percent and 18% patients reported adverse and serious adverse events respectively such as constipation, hypoalbuminemia, hypokalemia, anemia, thrombocytopenia, raised total bilirubin. Due to non-availability of required sample size the study could achieve only a power of 58%, hence the results needs to be interpreted with caution \[[@R38]\].

The recently published \[[@R39]\] randomized, double-blind, placebo-controlled, multicentre trial on 1,059 patients (538 in remdesivir and 521 in placebo arm) from multiple continents showed a therapeutic effectiveness in the remdesivir group in terms of shorter median time to recovery as compared to placebo group (11 vs. 15 days) (relative risk (RR): 1.32; 95% CI: 1.12 - 1.55; P \< 0.001). Mean age of this study (58 years) was not much lower than that of previous two (64 - 65 years), still the drug was found to be therapeutically effective although around 30% receiving the drug reported one or more adverse events which may be a concern during evidence to policy translation at large scale.

Remdesivir is a prodrug of a nucleotide analogue and intracellularly metabolized to an analogue of adenosine triphosphate that inhibits viral RNA polymerases. Remdesivir is a broad-spectrum antiviral active against various virus families, namely filoviruses (e.g., Ebola) and coronaviruses (e.g., SARS-CoV and MERS-CoV). Its prophylactic and therapeutic efficacy against coronaviruses was reported in preclinical models \[[@R18], [@R40]-[@R42]\]. *In vitro* experiments reported its activity against SARS-CoV-2. The safety profile of the drug was also established based on its use on Ebola infected patients \[[@R43], [@R44]\].

The former study generated evidence of overall clinical improvement with application of remdesivir in severe cases of COVID-19 in multiple continents. Though there is no control arm in the study however different parameters for analysis present in this study such as six-point ordinal scale, oxygenation category, discharge rate, adverse event had thrown light towards its effective potential; however the later clinical trial failed to elicit any significant clinical benefit. This inconsistency in observation and particularly the lack of statistical power in the clinical trial call for further exploration and validation by clinical trial with adequate sample size. At present in the dearth of concrete evidence from human subject, there will remain enough room for ambiguity, dilemma and subjective variation for clinical decision making.

IFN in combination {#s3g}
------------------

IFN-α2b was administered along with other antivirals in two studies. In a retrospective study of 77 patients from single centre of China \[[@R45]\], IFN-α2b as nebulized aerosol was given either alone (seven patients) and with umifenovir (Arbidol) (46 patients) as compared to umifenovir alone (24 patients). IFN-α2b with or without Arbidol was observed to reduce significantly the duration of detectable viral load in the upper respiratory tract specimen as compared to umifenovir alone. Also the duration of elevated blood levels for interleukin-6 and C-reactive protein was reduced in the IFN arms. Hence it appears that addition of IFN was effective in promoting virological recovery and minimizing cytokine surge. However, it is pertinent to mention that mean age of umifenovir alone group (64.5 years) was much higher (P \< 0.01) as compared to IFN groups (40 - 41 years), which might have any influence in overall clinical outcome.

The recently published evidence from multicentric, prospective, open-label, randomized, phase II trial from Hong Kong where IFN-β1b was used in combination with lopinavir/ritonavir and ribavirin against the control arm of lopinavir/ritonavir alone \[[@R46]\]. A total of 127 patients were recruited (86 in combination group and 41 in the control group). The median number of days from onset of symptom to start of treatment was 5 days (interquartile range (IQR): 3 - 7). Median duration from initiation of treatment to negative RT-PCR of nasopharyngeal swab was significantly shorter in the combination group (7 days, IQR: 5 - 11) than control group (12 days (8 - 15); hazard ratio: 4.37, 95% CI: 1.86 - 10.24, P = 0.0010). Adverse events were minimal (self-limited nausea and diarrhoea) without any difference between two groups. Another multicentric case series on 18 patients from China treated with IFN-2b in combination with lopinavir/ritonavir showed clinical improvement in many domains though median age of the group was only 41 years (IQR: 31 - 51 years) \[[@R47]\]. All the above studies showed some benefit of IFN + antiviral combination treatment though the median/mean ages in these studies were relatively lesser as compared to studies conducted for other drugs.

IFNs are low molecular weight proteins produced by infected cells following viral pathogenesis and constitute the first line of defense against infections \[[@R48]\]. The expression of the IFN-stimulated genes (ISGs) is induced by IFN, in the infected as well as in neighboring cells. These lead to development of an antiviral environment, thus inhibiting further viral replication \[[@R49], [@R50]\]. The IFNs augments the immune system in various ways, resulting in different antiviral, antiproliferative and immunomodulatory activities \[[@R48]\] when used with other antivirals like remdesivir and ribavirin, which was reported to be effective against MERS-CoV in both *in vitro* and *in vivo* \[[@R42], [@R51]\] studies. We observed improvement in terms of viral clearance with the use of IFN molecules compared to control arm consistently in both the studies.

Other drugs {#s3h}
-----------

Oseltamivir has been found effective against H1N1 influenza and tried empirically in some of the studies of COVID-19 along with other compounds. However, any conclusive outcomes of oseltamivir on SARS-CoV-2 from clinical studies are yet to be reported. Drugs like teicoplanin and ivermectin are also under exploration based on their possible antiviral properties *in vitro*.

Mechanism of the drug candidates on SARS-CoV-2 infection were summarized in [Table 2](#T2){ref-type="table"} \[[@R31], [@R37], [@R48]-[@R50], [@R52]-[@R56]\].

###### Mechanism of Action of Drug Candidates on SARS-CoV-2 Infection

  Drugs                                Types                            Mechanism of action
  ------------------------------------ -------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Chloroquine and hydroxychloroquine   4-aminoquinoline                 The post-translation alteration of newly synthesized proteins via glycosylation inhibition \[[@R52]\].
  Lopinavir/ritonavir                  Protease inhibitors              Blocks viral cellular entry \[[@R53]\].
  Umifenovir                           Fusion inhibitor                 Viral fusion inhibition with the targeted membrane, which blocks virus entry into the cell \[[@R54]\].
  Favipiravir                          RNA polymerase inhibitors        Favipiravir is a prodrug that is ribosylated and phosphorylated intracellularly to form the active metabolite favipiravir ibofuranosyl-5'-triphosphate (T-705-RTP). T-705-RTP competes with purine nucleosides and interferes with viral replication by incorporation into the virus RNA and thus, potentially inhibiting the RNA-dependent RNA polymerase (RdRP) of RNA viruses \[[@R31]\].
  Methylprednisolone                   Corticosteroids                  Prolongs the survival time and prevents complication of clinical cases through its anti-inflammatory and immunomodulatory action \[[@R55]\].
  Thalidomide                          Immunomodulators                 It has an anti-inflammatory action due to its ability to speed up the degradation of messenger RNA in blood cells and thus reduce tumor necrosis factor-α (TNF-α). Furthermore, thalidomide can increase the secretion of interleukins (IL), such as IL-12, and activate natural killer cells \[[@R56]\].
  Remdesivir                           Adenosine nucleotide analogues   Remdesivir's ability is to metabolize into an active form known as GS-441524 which is an adenosine nucleotide analog. The GS-441524 interferes with the action of viral RdRP and evades proofreading by viral exoribonuclease (ExoN). This decreases viral RNA production \[[@R37]\].
  Interferon                           Low molecular weight protein     The expression of the interferon-stimulated genes (ISGs) is induced by interferon, in the infected as well as in neighboring cells. These lead to development of an antiviral environment, thus inhibiting further viral replication. The interferons augment the immune system in various ways, resulting in different antiviral, antiproliferative and immunomodulatory activities \[[@R48]-[@R50]\].

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Therapeutic Dilemma {#s4}
===================

The drugs administered in different trials and in empirical mode were actually based on their experience on MERS-CoV. Since most of the times combination therapies were used and comparison were made among their effectiveness, it is very difficult to comment on which may be used as main therapeutic agents. One or more compound might have different action in the combination such as confounder, effect modifier, synergy, pharmacological boosting, etc. Using multiple drugs always carry possibilities of drug interaction, adverse reaction, and low compliance. Inconsistencies in the ultimate inference on effectiveness of one drug across different studies owing to different combination, study design, inclusion criteria, age and sex distribution, sample size, etc., create more and more dilemma to the clinicians in taking therapeutic decisions. A standardized treatment protocol would have been the ideal but looks a far reality at present.

Conclusions {#s5}
===========

We conclude from the evidence analyzed so far that the therapeutic effect of HCQ has been established initially by at least two clinical trials, and one of these showed reinforcing effect of AZ along with HCQ. However subsequent studies including one clinical trial did not elicit any therapeutic benefit rather reported increased rate of adverse event. The therapeutic combination of IFN with antivirals proved to be consistently effective across three studies. Among antivirals, remdesivir was found effective in one of the two randomized, double-blind, placebo-controlled, multicentre trial and in a cohort study. Umifenovir (Arbidol) and favipiravir showed some therapeutic effect, based on a single clinical trial, the possible repurposing may be thought of among these few drugs based on clinical conditions of the patient. Though case reports and observation studies showed some benefit of lopinavir/ritonavir, however the sole randomized, controlled, open-label trial reported the contrary. As many clinical trials are in process, we expect to get evidences on the possibility of repurposing of existing drug based on robust design, less biased, high powered, precise studies. In near future the Multi-country Solidarity Trial launched by the World Health Organization (WHO) and its partner nations will lead the globe by exploring the effectiveness of four treatment options: 1) remdesivir; 2) CQ/HCQ; 3) lopinavir with ritonavir; and 4) lopinavir with ritonavir plus IFN-β1a. Enrolling patients in many nations, the Solidarity Trial aims at generating concrete evidence of slowing disease progression or improving survival by any of these drugs \[[@R57]\].

Limitations {#s5a}
-----------

We have to limit our endeavor to a critical review only. We could not attempt a meta-analysis exercise since the studies on each drug are very less in number and hardly comparable in terms of study design and outcome variable. Most of the studies have biases like confounders, lack of randomization, and absence of control group, etc.
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